REPORT  DOCUMENTATION  PAGE 


Form  Approved  OMB  NO.  0704-0188 


The  public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions, 
searching  existing  data  sources,  gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments 

regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggesstions  for  reducing  this  burden,  to  Washington 

Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington  VA,  22202-4302. 
Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  oenalty  for  failing  to  comply  with  a  collection  of 
information  if  it  does  not  display  a  currently  valid  OMB  control  number. 

PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 


2.  REPORT  TYPE 
Final  Report 


1.  REPORT  DATE  (DD-MM-YYYY) 
02-08-2012 


4.  TITLE  AND  SUBTITLE 

Feasibility  study  for  the  use  of  green,  bio-based,  efficient 
reactive 

sorbent  material  to  neutralize  chemical  warfare  agents 


6.  AUTHORS 

Lucian  A.  Lucia,  Dimitri  S.  Argyropoulos,  Sanghamitra  Sen 


3.  DATES  COVERED  (From  -  To) 

1 -Sep-20 11  -  30-Apr-2012 


5a.  CONTRACT  NUMBER 
W911NF-1 1-1-0272 


5b.  GRANT  NUMBER 


5c.  PROGRAM  ELEMENT  NUMBER 
611102 


5d.  PROJECT  NUMBER 


5e.  TASK  NUMBER 


7.  PERFORMING  ORGANIZATION  NAMES  AND  ADDRESSES 
North  Carolina  State  University 
Office  of  Contract  and  Grants 
Leazar  Hall  Lower  Level-  MC 

Raleigh,  NC  27695  -7214 


9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND 
ADDRESS(ES) 

U.S.  Army  Research  Office 
P.O.  Box  12211 

Research  Triangle  Park,  NC  27709-221 1 


5f.  WORK  UNIT  NUMBER 


8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 


10.  SPONSOR/MONITOR'S  ACRONYM(S) 
ARO 


11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 

59996-CH-II.l 


12.  DISTRIBUTION  AVAILIBILITY  STATEMENT 
Approved  for  Public  Release;  Distribution  Unlimited 


13.  SUPPLEMENTARY  NOTES 

The  views,  opinions  and/or  findings  contained  in  this  report  are  those  of  the  author(s)  and  should  not  contrued  as  an  official  Department 
of  the  Army  position,  policy  or  decision,  unless  so  designated  by  other  documentation. 


14.  ABSTRACT 

Over  the  past  several  years  the  ultimate  goal  in  our  laboratories  has  been  to  develop  new  strategies  for  the 
transformation  of  the  a  variety  of  lignocellulosic  resources  into  value-added  materials  and  chemicals  based  on 
environmentally  sustainable  and  economically  viable  processing  platforms,  with  ILs  playing  a  central  role  in  these 
transformations.  To  this  effect  we  have  accumulated  a  thorough  understanding  of  the  way  cellulose,  lignin  and 
hemicelluloses  interact  as  well  as  whole  wood  dissolution  occurs  in  ILs.  The  present  project  was  conducted  to 


15.  SUBJECT  TERMS 

Nerve  agents,  polysaccharides,  detoxification 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 

15.  NUMBER 

19a.  NAME  OF  RESPONSIBLE  PERSON 

a.  REPORT 

b.  ABSTRACT 

c.  THIS  PAGE 

ABSTRACT 

OF  PAGES 

Lucian  Lucia 

UU 

UU 

UU 

UU 

19b.  TELEPHONE  NUMBER 

919-515-7707 

Standard  Form  298  (Rev  8/98) 
Prescribed  by  ANSI  Std.  Z39. 1 8 


Report  Title 


Feasibility  study  for  the  use  of  green,  bio-based,  efficient  reactive 
sorbent  material  to  neutralize  chemical  warfare  agents 

ABSTRACT 

Over  the  past  several  years  the  ultimate  goal  in  our  laboratories  has  been  to  develop  new  strategies  for  the  transformation  of  the  a  variety  of 
lignocellulosic  resources  into  value-added  materials  and  chemicals  based  on  environmentally  sustainable  and  economically  viable 
processing  platforms,  with  ILs  playing  a  central  role  in  these  transformations.  To  this  effect  we  have  accumulated  a  thorough  understanding 
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Statement  of  Problem  Studied:  In  this  research  work,  an  effort  was  made  to  modify  a  typical 
polysaccharide  to  form  nerve  gas  detoxification  materials.  This  final  report  will  focus  on  the 
most  successful  work  obtained  thus  far. 


Experimental: 

Materials:  Micro-crystalline  cellulose  was  obtained  from  Sigma  Aldrich  and  used  without 
further  purification.  Epichlorothiohydrin,  pyridine,  benzoyl  chloride  and  dichloromethane  were 
obtained  from  Sigma  Aldrich  and  used  without  any  further  purification. 

Substitution  of  cellulose:  0.1  gm  of  microcrystalline  cellulose  (0.617  mmol  of  repeating  unit) 
was  dissolved  in  l-allyl-3-methylimidazolium  chloride  (Amim  chloride)  ionic  liquid  by  heating  at 
80°C  for  3h  with  occasional  vortexing.  To  this  sample  200  pL  (2.576  mmol)  of  pyridine  and  160 
pL  (1.90  mmol)  of  epichlorothiohydrin  was  added  and  continued  stirring  at  room  temperature. 
After  2h  the  product  was  recovered  by  precipitating  from  3:1  mixture  of  ethanol  to  water  after 
mixing  vigorously  for  5  min.  The  product  was  washed  several  times  with  methanol  to  remove 
the  remaining  amim  chloride  and  dried  under  vacuum. 

Benzoylation:  The  epichlorothiohydrin  substituted  cellulose  is  insoluble  in  any  NMR  solvent. 
Therefore,  benzoylation  of  the  sample  was  done.  20  mg  of  the  sample  was  dissolved  in  500  mg 
of  amim  chloride  in  a  15  mL  flask  by  first  thoroughly  dispersing  the  sample,  followed  by  heating 
at  80°C  with  magnetic  stirring  until  the  solution  was  transparent  (about  3  h).  Pyridine  (200  pL, 
2.20  mmol)  was  added,  and  the  mixture  was  homogenized  to  form  a  uniform  paste  before 
being  allowed  to  cool  to  room  temperature.  Benzoyl  chloride  (220  pL,  1.91  mmol)  was  then 
added  in  one  portion,  and  the  sample  was  subsequently  stirred  for  3  h  at  room  temperature. 
The  benzoylated  product  was  precipitated  by  the  addition  of  a  1:3  mixture  of  deionized  water 
and  ethanol  with  vigorous  stirring  for  5  min,  after  which  the  precipitate  was  washed  several 
times  with  methanol  and  dried  under  vacuum. 
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Summary  of  Most  Important  Results: 


The  NMR  spectrum  shows  two  new  peaks  at  5.1  and  5.4  ppm  that  verified  the  substitution  of 
the  cellulose  molecules  with  epichlorothiohydrin.  The  mechanism  of  the  reaction  is  given 
below. 


Figure  1. 1H  NMR  spectrum  of  epchlorothiohydrin 
substituted  cellulose 
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Future  Plans  (with  successful  support  subsequent  to  this  SEED): 


In  the  next  step,  the  epithiochlorohydrin  substituted  cellulose  will  be  treated  with  sodium 
hydrogen  sulfide  to  synthesis  a  dithiol  and  treat  the  new  material  with  the  mimic  compounds  to 
examine  their  efficacy  to  neutralize  the  mimic  compounds. 


NaSH 
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